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A FOSSIL MORPHOTYPE OF P. GLOBOSA DALL, 1898 
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INTRODUCTION 


Two extant species of geoduck clams occur 
on the coast of the Baja California Peninsula. 
Panopea generosa Gould, 1850, occurs from 
southern Alaska, U.S.A., to Punta Eugenia on 
the Pacific coast of the Baja California Pen- 
insula, and P. globosa Dall, 1898, which was 
historically considered endemic to the Gulf of 
California. Despite their geographic proximity, 
P. generosa and P. globosa are not phyloge- 
netically close (Rocha-Olivares et al., 2010). In 
addition, based on morphological and genetic 
similarity, it has been shown that P. globosa oc- 
curs outside the Gulf of California on the Pacific 
coast of the southern Baja California Peninsula 
in Bahía Magdalena (Leyva-Valencia, 2012; 
Leyva-Valencia et al., 2012). 

The nomenclature of the Pacific coast spe- 
cies of this genus has been controversial. For 
example, Vadopalas et al. (2010) showed 
that despite distinct morphological differences 
between the holotypes of P. generosa and P. 
abrupta (Conrad, 1849), they were mistakenly 
synonymized in 1983. Dall first described Pano- 
pea globosa as a variety of P. generosa from a 
shell collected at San Felipe in the northern Gulf 
of California; he also described the fossil P. sol- 
ida, from San Francisco, California (Dall, 1898). 
Twenty years later, Dall described a new variety 
of P. generosa — P. generosa var. taeniata, Dall, 
1918 — from a fossil collected in Pleistocene 
marine sediments on Isla Magdalena (Fig. 1), 
a site directly adjacent to extant aggregations 
of what are now recognized as P. globosa in 
Bahía Magdalena, Baja California Sur. 

The fossil record of P. globosa available in the 
paleontology collection of the San Diego Natu- 
ral History Museum (SDNHM ) indicates that 
this species was sympatric with P. generosa 
from the late Miocene to the Pleistocene in 
the predecessor of the Salton Sea in southern 
California, and fossils of both species have 


been found in Puertecitos in the upper Gulf of 
California (Judith Smith, Smithsonian Institu- 
tion, National Museum of Natural History, 2011, 
pers. comm.). Although the Baja California fos- 
sil record is not well characterized, P. globosa 
was present during the Pliocene and Pleis- 
tocene in the middle, southern and western 
coast of the Peninsula (Scott Rugh, San Diego 
Natural History Museum, 2010, pers. comm.; 
Gerardo Barba, Universidad Autónoma de 
Baja California Sur, 2010, pers. comm.; Judith 
omith, 2011, pers. comm.), in accord with the 
distribution of extant aggregations. 

The goal of this study was to determine 
whether P. taeniata is, as Dall described, a 
variety of P. generosa, or a fossil of P. globosa. 
The latter would suggest that the P. globosa dis- 
tribution extended out of the Gulf of California 
prior to the last glacial period. 


METHODS 


Shell shape analysis was performed using a 
geometric morphometric method, as previously 
used to discriminate between Panopea gen- 
erosa and P. globosa (Leyva- Valencia et al., 
2012). Digitized images were captured at 300 
dpi in JPG format (Hewlett-Packard ScanJet 
2200c) of the holotypes P. generosa (USNM 
5844), P. globosa (USNM 74884), P. taeniata 
(USNM 372847) and P. solida (USNM 3480), 
as well as 180 specimens of P. globosa from 
Bahía Magdalena (n = 50), San Felipe (n = 
50), Puerto Penasco (n = 50) and Guaymas 
(n = 30); and 204 of P. generosa from Alaska 
(n = 11), Washington (n = 55), California (n = 
54) and Baja California (n= 84). 

All images were imported to tpsUtil 1.44 
(Rohlf, 2009). We selected outline landmarks 
using the fan-based method (MakeFan6 soft- 
ware; Sheets et al., 2006). We also selected 
three internal anatomical landmarks and 48 
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FIG. 1. Location of Isla Magdalena, collection site of Panopea generosa 


var. taeniata holotype. 


semi-landmarks to generate two-dimensional 
Cartesian coordinates using tpsDig 2.12 (Rohlf, 
2008). To minimize least-squares differences 
between landmark alignments and produce 
Procrustes shape coordinates, we used IMP: 
CoordGené6f software (Sheets et al., 2006). 
To accurately slide semi-landmarks along a 
contour to minimize the bending energy of de- 
formation for a given specimen, we used IMP: 
SemiLand6 (Sheets et al., 2006). To character- 
ize the shell outline variation between groups, 
we used canonical variates analysis and mul- 
tivariate analysis of variance (CVA-MANOVA) 
in CVAGen6m (Sheets et al., 2006). 


RESULTS AND DISCUSSION 


The analyses of outline and internal land- 
marks revealed only one highly discriminant 
canonic variate separating Panopea generosa 
from P. globosa. Panopea taeniata was in- 
cluded within the P. globosa group, whereas 
P. solida was included within the P. generosa 
group (Fig. 2). 

The shell morphology of P. taeniata agrees 
with the taxonomic characteristics of P. glo- 
bosa. Both species have a deeper pallial sinus 
than P. generosa, and the nymph length of P. 
taeniata is shorter than in P. generosa. The P 


taeniata valve contour also shows the same 
inflated anterior region and narrow posterior 
end as P. globosa (Fig. 3A). On the other hand, 
the P. solida valve agrees with the general 
phenotype of P. generosa. Panopea solida and 
P. generosa holotypes show a hard and large 
nymph, with a similar pallial sinus morphology, 
dorsal and ventral margins with parallel growth 
to the shell length, a rounded anterior region 
and a wide posterior region (Fig. 3B). A recent 
morphometric study between P. generosa and 
P. globosa revealed great interspecific differ- 
ences on anteroventral region, posterior end, 
pallial sinus depth and nymph length (Leyva- 
Valencia et al., 2012). Our results show that 
P. taeniata is not a fossil subspecies of P. 
generosa, and is hereby reclassified as a fossil 
morphotype of P. globosa. 

The identification of Panopea globosa fossils 
from Isla Magdalena suggests that the extant 
P. globosa aggregation in Bahía Magdalena is 
ancient, at least 125,000 years old. The origin 
of this population is unknown, although the 
Pliocene to Pleistocene fossil record along of 
the Gulf of California and San José del Cabo 
Basin agree with the hypothetical migration 
pattern from the Gulf of California to the Bahía 
Magdalena area (Judith Smith, Smithsonian 
Institution, National Museum of Natural His- 
tory, 2011, pers. comm.). Bahía Magdalena 
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FIG. 3. Contour similarities of Panopea spp. A: Contour similarities between Panopea globosa 
(left) and P. taeniata (right). Images courtesy of Judith Smith, USNM 2012; B: Contour similarities 
between P. generosa (left) and P. solida (right). Images courtesy of Yolanda Villacampa, USNM 


2010. Scale bar = 5 cm. 


and Bahía Almejas are tectonic structural 
lagoons (Lankford, 1977) formed by northwest- 
southeast faulting along the Tosco-Abreojos 
fault zone around 20,000 years ago. Rising sea 
levels filled depressions, and the uplifted side of 
the fault gave rise to Isla Santa Margarita and 


FIG. 4. Fossil of P. generosa var. taeniata from 
Bahía Santa Ines, Gulf of California. Image modi- 
fied from Durham (1950). 


Isla Magdalena (Spencer & Normark, 1979; 
Blake et al., 1984). 

Panopea taeniata fossils also have been re- 
corded in Bahía Santa Ines, near Santa Rosalia 
in the central Gulf of California (Fig. 4; Durham, 
1950; Libbey & Johnson, 1997). Although we 
cannot analyze this specimen using morpho- 
metric methods, the image permits morphologic 
traits to be distinguished, including a narrow 
posterior end, non-parallel dorsal and ventral 
margins, a wide anterior end as well as a short 
nymph. These traits are shared with P. globosa, 
and thus we conclude that this specimen was 
misidentified as a subspecies of P. generosa. In 
addition to the reclassification of the P. taeniata 
holotype, fossils such as that of Durham (1950) 
should be attributed to P. globosa. 
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